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Standardizing Variables

» Consider the model
y=f(x,[3)+s x:(xlvxzr )s ﬂ:(ﬂovﬂlv"')
« We can “standardize” each of the variables

response jth predictor
Standardized g, = Yi—¥y PO/ Xj
: : i ij = ]
(unit normal scaling) Sy s
Correlation Transformation o _ _Yi—J¥ P
(unit length scaling) Yvn— 1s, Y n— 1s;
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Recall OLS Matrix Formulation

L A o]

1 x1 = X1p1
X= 1 xfl xz‘f’_l = design matrix
1 xp Xn,p-1
Y=XB+¢

(each row in X and Y is a “data point”)
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Recall OLS Matrix Formulation
Y=XB+e
B=X"X)"1XTy
Y =XB = X(X"X)"'X"Y = HY
H = X(X"X)"'X" = hat matrix
e=Y-Y=U-HY
cov(B) = s2XTx)~!
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Standardized Matrix Formulation

» The “standardized regression model” uses
the correlation transformation
— Note: it will not have an intercept term £,

X1 El,p—l]

i Xppoq| = designmatrix

Px(nl Px(n,p—l
p-1
= Sy
Converting back: B = B; g Bo=7— Z B;x;
Jj=1

si(6) =558 (2)
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Standardized Matrix Formulation

» The XTX and X”Y are correlation matrices

1 1y - T1p-1 Ty
ST T; 1 - 1, ST :
XTX =|"2 5 ) 2p-1 X'y =|:
H H g H rny
Tin Ton 1

* where r; is the correlation between the i
and j" regressors, r,, is the correlation
between the it" regressor and y
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Consider a Two Regressor Model
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1 —T1p
- - wreo-1_ [(A-73) (1-13)
~ ~ ~ T s, 12 12
y=ht +BF+e  (XX) ="_ 1
12
A-r) A-rd)
R2 = rfy + rzzy — 211y Ty = iy + Bt o 11252
1-13) 171y + Pal2y cov(Br. B,) = -2
= Ty —T1272y Py Ty —T2hy = = Se
AR R R . AR
Ta-) 2T a- ey
_ 1 1, -
hi = hy = 2t m(’ﬁi + %5 — 2% i¥y;)
T2
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Effects of Standardization

» Standardizing the variables can sometimes
be useful
— Reduces correlations between % and %2, and
between interactions and primary terms
— Less numerical instabilities for matrix inversion
and OLS solution
» Standardization will not help with
multicollinearity
— We will use standardization later, with principle
component analysis (PCA)
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Lecture 48: What have we learned?

* What is variable standardization, and why
is it used?

* In general, will standardization help with
problems of multicollinearity?
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